Cu(II) and Zn(II) salts react with 5-(1H-benzotriazol-1-ylmethyl)isophthalic acid (H 2 L) under hydrothermal conditions to yield two new complexes [Cu(L)(DMF)(H 2 O)] (1) and [Zn(L)] (2) [DMF = N,N-dimethylformamide], which have been characterized by single-crystal and powder Xray diffraction, IR, elemental and thermogravimetric analyses. As a result, 1 shows a chain structure, further linked together by hydrogen bonding and π-π interactions to give rise to a 3D supramolecular framework. Complex 2 is a binodal (3,6)-connected 2D kgd network with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology. The influential factors of synthetic strategies on coordination modes of the ligand and structures of the resulting complexes are embodied in the study. Significantly, 1 has structural features consistent with the Jahn-Teller effect. Furthermore, the fluorescence properties of 2 were preliminarily investigated.
Introduction
Recently, supramolecular coordination chemistry is mainly concerned with the design and assembly of crystalline materials based on metal centers and bridging ligands [1 -4] . Consequently, the investigation of such inorganic-organic hybrid materials has become the main aim of crystal engineering for their interesting properties and potential applications in magnetism, heterogeneous catalysis, ion-recognition, nonlinear optics, and adsorption [5 -8] . It is known that the functional properties of complexes closely relate with the nature of the metal centers and bridging ligands, and their architectures. For example, complexes with porous framework architectures may show sorption or catalytic properties [9, 10] . Metal ions possessing unpaired electrons, such as Mn(II), Co(II), Ni(II), and Cu(II) etc. could be bridged by ligands to form polynuclear subunits which may mediate magnetic interactions [11, 12] . Moreover, complexes containing metal centers with d 10 electron configuration, such as Zn (II) and Cd(II), may exhibit luminescence [13, 14] . Therefore, it may be significant to pursue structural diversity by attempting different experimental conditions. Among many complicated factors influencing the formation of complexes, the intrinsic nature of organic ligands has been proven to be decisive [15 -17] .
Among the well-employed organic ligands, Nand/or O-donors are regarded as excellent building blocks for desirable frameworks [18 -20] . In our previous research work, a series of N-and O-donor ligands, such as 3,5-bis(2-pyridylmethyl)aminobenzoate, 3,5-bis(pyridin-4-ylmethyl)aminobenzoate and 5-(pyridin-2-ylmethyl)aminoisophthalate, had been employed to synthesize complexes [21 -23] . Based on these studies, we have recently focused our attention on the utilization of a semi-rigid ligand, 5-(1H-benzotriazol-1-ylmethyl)isophthalic acid (H 2 L), to construct coordination polymers with diverse structures. H 2 L combines both carboxylate and benzotriazolyl functional groups in a single organic ligand. Rigid carboxylate ligands, such as isophthalate and terephthalate have been well studied in the construction of complexes due to their coordinating capacities, appropriate connectivity, and abundant coordination modes [24, 25] . Benzotriazole and its derivatives may give new insight into the structural evolution in crystal engineering due to their steric hindrance and more poten- tial coordination sites [26] . Therefore, the H 2 L ligand may possess an advantage over other N-and Odonor ligands. Apart from mutable coordination modes of carboxylate, the flexible benzotriazol-1-ylmethyl arm in H 2 L has more spatial freedom to adopt different orientations through axial rotation to different angles to satisfy coordinating requirements. 
Results and Discussion

Preparation
The hydrothermal reaction of Cu(
When H 2 L reacts with Zn(NO 3 ) 2 ·6H 2 O under hydrothermal conditions in the presence of KOH as alkaline reagent and with the reaction temperature set at 210 (2) is obtained.
Structural description of [Cu(L)(DMF)(H 2 O)] (1)
The X-ray structure determination has shown that the complex [Cu(L)(DMF)(H 2 O)] (1) crystallizes in the triclinic crystal system with space group P1 and Z = 2 ( Table 1 ). In the solid state it displays a doublestranded chain structure. The H 2 L ligand was deprotonated by KOH to the L 2− anion. There are one Cu(II), one L 2− ligand, one coordinated DMF and one coordinated water molecule in the asymmetric unit of 1. As shown in Fig. 1a , each Cu(II) is sixcoordinated by one benzotriazolyl nitrogen atom, one DMF and one water molecule, and three carboxylate oxygen atoms from two different L 2− ligands to furnish a distorted octahedral coordination geometry. The bond lengths and angles around each Cu(II) atom are in the range of 1.935 (2) nation mode, and the other is µ 2 -η 1 : η 1 -chelating (Scheme 2A). As depicted in Fig. 1b , each L 2− ligand bridges three Cu(II) centers to give a double-stranded chain structure with the nearest intrachain Cu···Cu distance of 9.043Å. Interestingly, because of the flex- ibility of the L 2− ligand, the double-chain extends along the b axis direction in a spiral way. If some organic moieties are ignored, a pair of right-and lefthanded helical chains can be distinguished in the neutral double-stranded chain (Fig. 1c) . Each chain is interlinked to form a supramolecular layer motif via hydrogen bonding interactions between water molecules and carboxylate oxygen atoms (Fig. 1d) 
. Another structural feature in 1 is that the adjacent layers recognize each other through strongly offset π-π stacking interactions, ultimately leading to a 3D supramolecular framework (Fig. 1e) . The centroid-centroid distance between the central benzene rings is 3.662Å.
Structural description of [Zn(L)] (2)
Complex 2 crystallizes in the monoclinic system with space group P2 1 /c and Z = 4, exhibiting a 2D network structure based on Zn(II) centers and L 2− ligands. There are one Zn(II) atom and one L 2− ligand in the asymmetrical unit. In complex 2, each Zn(II) is four-coordinated by one benzotriazolyl N atom and three carboxylate O atoms from three different L 2− ligands to furnish a distorted tetrahedral coordination geometry (Fig. 2a) 2 ] with a Zn···Zn distance of 3.82Å, which is shorter than the sum of two van der Waals radii (4.20Å). In 2, each L 2− ligand links three SBUs while each SBU is surrounded by six L 2− ligands. This kind of connection proceeds infinitely to generate a 2D network structure (Fig. 2b) . If using topology to analyze the structure, each SBU could be regarded as a 6-connector node and the L 2− ligand as a 3-connector node, and thus, the resultant structure of 2 could be simplified as a binodal (3,6)-connected 2D kgd network with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology (Fig. 2c) [27] .
PXRD and thermal stabilities of complexes 1 and 2
The phase purities of 1 and 2 could be proven by powder X-ray diffraction (PXRD). As shown in Fig. 3 , each PXRD pattern of the as-synthesized sample is consistent with the simulated one.
Thermogravimetric analyses (TGA) were carried out for complexes 1 and 2, and the results are shown in Fig. 4 . For complex 1, there is a weight loss of 4.3 % from 119 • C to 190 • C corresponding to the release of water (calcd. 4.0 %). A continuous weight loss starting at 206 • C can be assigned to the gradual release of DMF molecules preceding the subsequent decomposition of the framework of 1. No obvious weight loss can be observed before the decomposition of the frame- work at 430 • C for 2, which further confirms the absence of solvent in its structure.
Jahn-Teller effect in complex 1
According to Crystal Field Theory (CFT), sixcoordinated Cu(II) in [Cu(L)(DMF)(H 2 O)] (1) should show octahedral coordination geometry (O h field) with (Table 2) , the molecular distortion might originate from the Jahn-Teller effect [28, 29] . The two e g orbitals in the Cu(II) {d 9 [(t 2g ) 6 (e g ) 3 ]} electron configuration are asymmetrically occupied, and thus complex 1 should have a degenerate electronic ground state [30, 31] . Thereby, the Jahn-Teller distortion may take place to lower the overall energy of the complex 1 accounting for the distortion of the octahedral molecular structure [32] .
Luminescence properties
The luminescence properties of complexes with d 10 metal centers such as Zn(II) are of interest for their potential applications as photoactive materials [33 -35] . Therefore, the luminescence of 2 and of the free H 2 L ligand, was investigated in the solid state at room temperature. As shown in Fig. 5 , intense bands were observed at 417 nm (λ ex = 339 nm) for 2 and 418 nm (λ ex = 337 nm) for the H 2 L ligand. As for the source of fluorescence of the complex, it may be assigned to intra-ligand transitions of the coordinated L 2− ligands since a similar emission can be observed for the free H 2 L ligand [36, 37] .
Conclusion
The ligand 5-(1H-benzotriazol-1-ylmethyl)isophthalic acid (H 2 L) as an organic building block reacts with Cu(II) and Zn(II) salts under different hydrothermal conditions to yield the two complexes [Cu(L)(DMF)(H 2 O)] (1) and [Zn(L)] (2). Complex 1 has a chain structure, further linked by hydrogen bonding and π-π interactions to form a 3D supramolecular framework. Complex 2 is a binodal (3,6)-connected 2D kgd network with (4 3 ) 2 (4 6 .6 6 .8 3 ) topology. Apart from different crystal structures of 1 and 2, the coordination modes are also different in these two complexes. The results show influential factors of synthetic strategies: metal salts, solvents, and reaction temperature on coordination modes of a ligand and the structures of the resulting complexes, and illustrate the aesthetic diversity of coordinative supramolecular chemistry. A Jahn-Teller distortion can be observed in complex 1. As expected, the zinc polymer 2 exhibits strong luminescent emission.
Experimental Section
All commercially available chemicals were of reagent grade and used as received without further purification. The H 2 L ligand was synthesized via the experimental procedure reported in the literature [38] . Elemental analysis of C, H, and N were taken on a Perkin-Elmer 240C elemental analyzer. Infrared spectra (IR) were recorded on a Bruker Vector22 FT-IR spectrophotometer by using KBr pellets. Thermogravimetric analysis (TGA) was performed on a simultaneous SDT 2960 thermal analyzer under nitrogen atmosphere with a heating rate of 10 • C min −1 . Powder X-ray diffraction (PXRD) patterns were measured on a Shimadzu XRD-6000 X-ray diffractometer with Cu K α (λ = 1.5418Å) radiation at room temperature. The luminescence spectra for the powdered solid samples were measured on an Aminco Bowman Series 2 spectrofluorometer with a xenon arc lamp as the light source. In the measurements of emission and excitation spectra the pass width was 5 nm, and all measurements were carried out under the same experimental conditions.
Preparation of [Cu(L)(DMF)(H 2 O)] (1)
The reaction mixture of Cu(NO 3 
Preparation of [Zn(L)] (2)
The reaction mixture of Zn(NO 3 
X-Ray structure determinations
The crystallographic data collections for complexes 1 and 2 were carried out on a Bruker Smart Apex CCD area detector diffractometer using graphite-monochromatized Mo K α radiation (λ = 0.71073Å) at 293(2) K. The diffraction data were integrated by using the program SAINT [39] , which was also used for the intensity corrections for Lorentz and polarization effects. Semi-empirical absorption corrections were applied using the program SADABS [40] . The structures of 1 and 2 were solved by Direct Methods, and all non-hydrogen atoms were refined anisotropically on F 2 by full-matrix least-squares techniques using the SHELXS/L-97 crystallographic software package [41 -43] . In 1 and 2, all hydrogen atoms at C atoms were generated geometrically, the hydrogen atoms at the water molecule in 1 could be found at a reasonable position in the difference Fourier maps and located there. The crystal parameters and details of data collection and refinement are summarized in Table 1 . Selected bond lengths and angles are listed in Table 2 .
CCDC 914153 and 914154 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
